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Summary
Background: in Colombia, the control of tick infestation in cattle is almost exclusively performed with 
chemical acaricides. It is important to determine the degree of resistance of Riphicephalus microplus field 
populations to ivermectins (IVM) as the first step to design strategies to increase the useful life of acaricides 
and decrease the reliance on chemical controls. Objective: to test the degree of resistance to IVM. Methods: 
three cattle farms in Antioquia (Colombia) where IVM had previously failed to control infestations of R. 
microplus ticks were studied. Ticks were collected several months apart in 2013, and the larval immersion 
test (LIT) was performed on the progeny of the adult females. Concentration-mortality data were subjected to 
probit analysis. Results: the three populations showed lethal concentrations (LC) 50 and 99 of ≥ 30 ppm and 
≥ 400 ppm, respectively. There was no difference observed in the LC at different times of collection for each 
population studied. Such high values for LC, together with very low regression slopes (≤ 2), indicated a very 
heterogeneous response to increasing concentrations of IVM, which is common for resistant populations. At two 
farms, subcutaneous injection with a long-acting formulation of IVM at a dosage of 630 µg/Kg was ineffective 
at eliminating existing infestations and protecting against reinfestations, confirming farmer suspicions of lost 
efficacy. Conclusion: epidemiological studies are necessary to assess the current status of resistance to IVM in 
this region of Colombia, and it is likely that the intensive use of IVM will aggravate this situation in the future. 
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Resumen 
Antecedentes: en Colombia, el control de la infestación de garrapatas en el ganado se ha realizado casi 
exclusivamente con acaricidas químicos y es importante determinar el grado de resistencia de las poblaciones 
de campo de Riphicephalus microplus a ivermectinas (IVM) como el primer paso para diseñar tácticas que 
aumenten su vida útil y disminuyan la dependencia de los controles químicos. Objetivo: probar el grado de 
resistencia a IVM. Métodos: se evaluó la resistencia de R. microplus a IVM en tres fincas ganaderas en Antioquia 
(Colombia) donde se sospechaba que productos con IVM estaban fracasando para controlar infestaciones 
por garrapatas. Se recolectaron garrapatas con varios meses de diferencia durante el año 2013 y se empleó la 
prueba de inmersión de larvas (LIT) con la descendencia de las hembras adultas. Los datos de concentración-
mortalidad fueron sometidos a análisis probit. Resultados: los resultados para las tres poblaciones estudiadas 
mostraron concentraciones letales (LC) 50 y 99 de ≥ 30 ppm y ≥ 400 ppm, respectivamente. No se observó 
diferencia en las LC obtenidas en diferentes momentos de recogida para cada población estudiada. Los altos 
valores de LC, junto con pendientes muy bajas en las rectas de regresión (≤ 2), indicaron una respuesta muy 
heterogénea a concentraciones crecientes de IVM, propio de poblaciones resistentes. En dos de las granjas, 
la administración de inyecciones subcutáneas con una formulación de acción prolongada de la IVM a dosis 
de 630 µg/Kg fue incapaz de eliminar las infestaciones y proteger frente a reinfestaciones, confirmando las 
sospechas de los ganaderos de pérdida de eficacia. Conclusión: estudios epidemiológicos son necesarios para 
evaluar el estado actual de la resistencia a IVM en esta región de Colombia, y es probable que el uso intensivo 
de IVM agrave esta situación en el futuro.
Palabras clave: garrapatas, lactonas macrocíclicas, pérdida de eficacia.
Resumo
Antecedentes: na Colômbia, o controle de infestação com carrapatos em bovinos tem sido realizado quase 
exclusivamente com acaricidas químicos pelo qual se faz importante para determinar o grau de resistência de 
populações de campo de Rhipicephalus microplus a uma das drogas antiparasitárias de maior uso no manejo 
de gado, a ivermectina (IVM), como o primeiro passo para projetar táticas para aumentar a sua vida útil e 
diminuir a dependência de controles químicos. Objetivo: testar o grau de resistência à ivermectina. Método: 
foi avaliada a resistência de R. microplus à ivermectina em três fazendas de gado leiteiro localizadas no 
departamento de Antioquia (Colômbia) com suspeita de que o controle dos carrapatos com a utilização deste 
produto não estava sendo efetivo. Coletaram-se carrapatos em diferentes meses durante o ano 2013, e foi 
utilizado o teste de imersão de larvas (LIT) na descendência das fêmeas adultas, como método para detecção 
da resistência. Os dados de concentração-mortalidade foram submetidos à análise Probit. Resultados: todas 
as três populações avaliadas mostraram concentrações letais (LC) 50 de ≥ 30 ppm, e LC 99 de ≥ 400 ppm. 
Não foram observadas diferenças na LC entre as coletas feitas nos diferentes meses, em cada população 
amostrada. Os altos valores de LC encontrados junto com uma baixa regressão linear (≤ 2), indicam uma 
resposta muito heterogênea as concentrações crescentes de ivermectina, próprio de populações resistentes. 
Em duas das fazendas, a administração de injeções subcutâneas de ivermectina com uma formulação de longa 
ação, em doses de 630 µg/Kg, não foram capazes de eliminar as infestações e proteger contra a reinfestação, 
confirmando as reclamações dos fazendeiros para a perda de eficácia da droga antiparasitária. Conclusões: os 
estudos epidemiológicos são necessários para avaliar o estado atual da resistência à ivermectina nesta região 
da Colômbia, e é provável que o uso intensivo da ivermectina agrave ainda mais esta situação no futuro.
Palavras chave: carrapatos, lactonas macrocíclicas, perda de eficácia. 
Introduction
The cattle tick Rhipicephalus (Boophilus) 
microplus is considered the main external parasite 
affecting cattle productivity in the tropical countries 
of America (Grise et al., 2014). In Colombia, 
control of this parasite is almost exclusively 
performed with chemical acaricides (García, 2011). 
However, resistance to most acaricides is a growing 
phenomenon worldwide; therefore, it is necessary 
to identify strategies to increase their useful life and 
to decrease reliance on chemical controls. The first 
cases of ivermectin resistance were reported in Brazil 
14 years ago (Martins and Furlong, 2001), but, as 
the compound was introduced in most countries in 
the early 1980s, it is likely that resistance developed 
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earlier. There are many types of generic ivermectin 
(IVM) in the Colombian market, with at least 29 
different names registered. The farms analyzed here 
use IVM routinely, regardless of real or perceived 
needs.
Confirmation of resistance is routinely determined 
using dose-response bioassays and/or assessment of 
the field efficacy of acaricides according to methods 
approved by the FAO (FAO, 2004) or the World 
Association for the Advancement of Veterinary 
Parasitology (WAAVP; Holdsworth et al., 2006). 
The standard in vitro bioassays recommended in the 
FAO guidelines are the larval packet test (LPT) and 
the adult immersion test (AIT). Although it remains 
difficult to predict field acaricide efficacy based on these 
resistance bioassays, they can diagnose resistance before 
control failures are obvious. The LPT is laborious and 
modifications such as the larval immersion test (LIT), 
initially developed in Brazil (Klafke et al., 2006) is 
more sensitive in discriminating between resistant and 
susceptible strains against macrocyclic lactones (Sabatini 
et al., 2001; Klafke et al., 2012). Numerous reports using 
the LIT in the last decade show R. microplus resistance 
to ivermectin in Latin American countries, including 
Mexico (Perez-Cogollo et al., 2010a; 2010), Uruguay 
(Castro-Janer et al., 2011), and Brazil (Klafke et al., 
2010; 2012). To complement the above in vitro assays, 
field studies using the WAAVP guidelines should be used 
simultaneously to confirm a reduction in therapeutic 
efficacy and protective period (Holdsworth et al., 2006).
The objective of this study was to determine the 
degree of resistance of R. microplus field populations 
to IVM at three cattle farms in the province of 
Antioquia (Colombia). This study complements a 
field study conducted at two farms in Antioquia and 
reported elsewhere (López et al., 2015).
Materials and methods
The authors considered that this study did not 
require approval of an Ethics Committee for Animal 
Experimentation.
Type of study
A descriptive study was performed.
Selection of farms
Three Antioquian farms with failures to control 
tick infestation, that previously claimed a lack of 
satisfactory control despite of the use of one or more 
commercial trade versions of IVM, were visited on 
three separate occasions for the collection of ticks at 
approximately two-month intervals between March 
and October of 2013. On each occasion, the samples 
were taxonomically identified as R. microplus. 
Except for the Tarso farm, herds were typical of the 
predominant production system and management 
practices of their area. The tick from San Jerónimo 
was obtained at a family-run mixed dairy farm with 
approximately 30 Simmental, Normandy and Holstein 
crosses. The Yarumal ticks originated from a small 
dairy farm of approximately 32 cattle of Jersey and 
Holstein crosses. The Tarso ticks were collected from 
a beef farm of highly selected Brangus imported from 
Texas, and comprising approximately 250 cattle. IVM 
was used for an uncertain number of years at the three 
locations, and producers had failed to clear the initial 
invasion of engorging ticks after use of one or several 
trade versions of IVM.
Larval immersion test (LIT)
A control solution containing 1% ethanol and 
0.02% Triton X-100 in distilled water was used to 
prepare all IVM immersion dilutions and to test 
control larvae. A commercial 1% IVM (Ivomec 
– Merial Saúde Animal, Brazil. Batch number 
BE314/11, expiration date 11/2016) was used to 
prepare all serial dilutions with the control solution. 
The analysis of this particular product reported a 
concentration of 0.85% ivermectin (López et al., 
2015). For the LIT, ten different concentrations of 
IVM dilutions were prepared, ranging from 10 to 
300 ppm, in a final immersion volume of 4 mL; 
larvae arising from eggs of at least 25 ticks were first 
mixed in distilled water to avoid exposing only those 
originating from a few ticks. Approximately 300 - 400 
larvae were then immersed in different concentration 
solutions for 10 minutes under gentle agitation. They 
were immediately placed in Petri dishes and were 
transferred with a paintbrush to filter papers (850 x 
750 mm) that were folded and sealed with sticky tape, 
forming a packet. 
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Three packets containing approximately 100 
larvae each were used for each IVM dilution. The 
packets were placed in the incubator for 24 h, after 
which they were opened under a desk lamp and the 
larvae were gently transferred with a paintbrush to 
a white sheet of paper. Mortality was immediately 
determined using a magnifying lens because the larvae 
are incapable of locomotion. To assist with counting, 
those that moved spontaneously were removed with 
sticky tape and considered alive. Bioassays for each 
farm were replicated at least three times. 
Data analysis
The number of dead versus exposed larvae was 
introduced into IBM SPSS Statistics 21 software 
(version 2003) and submitted to probit analysis to 
calculate the LC50 and LC99% with their respective 
confidence intervals (CI95%), chi-square tests for 
homogeneity, and slopes of the regression line. 
Results
Concentration-mortality regressions, lethal 
concentrations LC50 and LC99, their 95% confidence 
intervals and slopes for each population are shown 
in Table 1. There was no difference in the LC50 and 
LC99 estimates for each of the three populations 
studied when bioassays were performed at different 
times of collection. Mortality in the control groups 
exposed to the ethanol-Triton X solution was zero; 
therefore, no correction was necessary for the 
ivermectin-exposed groups. Figure 1 represents the 
probit mortality plots with the regression lines for 
each of the populations studied. The small slopes of 
the regression (≤ 2.5) and the distant values for the 
LC50 and LC99 are indicative of a very heterogeneous 
response to increasing concentrations of IVM in all 
three populations. 
Discussion
The objective of this study was to investigate farmer 
reports of failure to control tick infestation at three 
farms in Antioquia; in each case IVM formulations 
were no longer able to eliminate tick infestations 
from cattle. The evaluation of R. microplus resistance 
to IVM was performed using the LIT bioassay with 
larvae arising from ticks collected at the sampled 
farms, and further tested using in vivo studies that are 
reported elsewhere (López et al., 2015). Although the 
LIT has been used as a successful method to detect 
resistance (Sabatini et al., 2001; Klafke et al., 2006), 
ideally, it should be run in parallel to a susceptible 
strain to calculate resistance ratios and determine 
discriminating doses. Despite the limitation of not 
having a susceptible strain in this study, the results 
showed LC and concentration-mortality slopes 
similar to those reported for the most resistant tick 
populations from Veracruz (Fernández-Salas et al., 
2012), Yucatán (Pérez-Cogollo et al., 2010a; 2010b) 
and Sao Paulo (Klafke et al., 2012). For example, 
comparison of LC50 values to those of a study that 
determined the status of resistance to IVM in 53 
randomly selected field populations of R. microplus in 
Mexico (Fernández-Salas et al., 2012) demonstrates 
that the level of resistance was equal to that of the four 
Table 1. Lethal concentration (50 and 99%) estimates for ivermectin obtained using the larval immersion test (LIT) for field populations of 
Riphicephalus microplus from several municipalities in the province of Antioquia, Colombia. 
Population Slope ± SE Chi2 (df) LC50 (ppm) CI 95% LC50 LC99 (ppm) CI 95% LC99
Yarumala
Yarumalb
1.992 ± 0.068
1.888 ± 0.051
83.4 (8)
66.2 (10)
45.9
47.1
34.1-58.8
39.4-54.9
676.1
801.6
400.8-1580.0
559.1-1297.8
San Jerónimoa
San Jerónimob
2.185 ± 0.064
2.341 ± 0.076
134.4 (11)
90.1 (9)
34.2
36.1
27.2-41.7
27.8-45.2
397.3
356.2
257.2-771.9
233.2-681.7
Tarsoa
Tarsob
1.501 ± 0.065
1.768 ± 0.059
113.9 (8)
137.1 (11)
27.8
32.2
15.8-40.0
24.1-41.3
985.5
674.4
418.7-6172.5
380.6-1742.7
df: degrees of freedom; LC: lethal concentration; ppm: parts per million; CI: confidence interval.
a, bData are from separate bioassays.
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most resistant populations, with LC50s in the 30-50 
ppm range. In general, low slope values (1.2-1.9) are 
related to high LC50 (>35 ppm) and high LC99 (>600 
ppm) values, as reported here, and are hallmarks of 
very high resistance compared to values for susceptible 
R. microplus strains (slopes ≈ 5, LC50s ≈ 5 ppm for 
the Deutch strain). Low -slopes for the concentration-
mortality lines could be interpreted as a result of a large 
heterogeneity with different levels of resistance in the 
field populations studied. To our knowledge, no studies 
of a highly resistant IVM strain have been described 
with high-slopes that would indicate complete loss 
of heterogeneity and consequently of the remaining 
susceptible genes in a population. 
To relate the results of the LIT bioassay to the 
field situation, a long-acting formulation of IVM 
was used on two of the sampled farms. That clearly 
showed that the efficacy of IVM in terms of clearing 
the initial infestation load and protecting against 
reinfestation was markedly reduced from target 
expectations (López et al., 2015). At 10 days post-
injection, a reduction in the number of adult standard 
ticks was only 40 and 75% at the San Jeronimo and 
Figure 1. Concentration vs mortality plots from three field populations of Rhipicephalus microplus in Antioquia subjected to 
the larval immersion test with ivermectin.* 
* This figure appears in full color in the online version of this article.
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Tarso farms, respectively (López et al., 2015). These 
results are worrisome compared to field studies 
showing that 3.15% ivermectin formulations had 
a therapeutic and persistent efficacy of 95% at 56 
days post-treatment (Arieta-Román et al., 2010). 
In a study conducted at an USDA-ARS quarantine 
facility, the therapeutic efficacy of a similar long-
acting ivermectin formulation was 99.9% against all 
stages of a susceptible strain of R. microplus at the 
time of treatment (Davey et al., 2010). Furthermore, 
the protective period against larval re-infestation 
was 14 d if a level of control ≥ 99% was desired, and 
dropped to 70.4% for animals exposed artificially 
to larvae at 28 d post-treatment. Because ticks are 
unable to complete development in <18 d, the study 
concluded that cattle could be treated with this long-
acting IVM at 31 d intervals without the risk of viable 
ticks detaching from the infested animals. In the 
present study, the high degree of resistance based on 
the LIT was clearly demonstrated by the ineffective 
elimination of existing infestations and the loss of 
protection against reinfestations. 
In conclusion, the present study confirmed 
the presence of R. microplus ticks that are highly 
resistant to IVM to the point of having lost efficacy 
for eliminating existing tick infestations. The 
sampled farms completely relied on chemical control 
to fight tick infestations. Therefore, it is imperative 
to apply integrated approaches for parasite control 
in farms that now have multiresistant strains of R. 
microplus. 
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